. The eflect of norvaline on citrulline synthesis Rat liver mitochondria (3.0 mg of protein/ml) were incubated in a medium containing lOOmM-KcI, 50mM-Tris/HCI, 1 mM-EGTA, 1 mM-ATP, 20m~-succinate, 2pg of rotenone/ml, 5 mM-potassium phosphate, 16.6 mM-KHCO,, 10 mM-NH,CI and 3 m~-[~'Clornithine (0.5 pCi/ml). After 4 min, mitochondria were separated from the suspending medium by silicone-oil centrifugation. Carbamoyl phosphate (CP) and ATP were determined in the neutralized HCIO, extracts. Parallel incubations with I "Clsucrose and 'H,O were carried out in order to determine the intramitochondrial ornithine concentration after separation of ornithine and citrulline by column chromatography. 1979) and an intramitochondrial ornithine concentration of 1.5 mM (see Table 1 ); the term
is derived from the data of Table 1 . By using these values, the control strength of OTC was calculated to be 0.015, showing that the enzyme exerts hardly any control on the flux under these conditions. Since no well-characterized inhibitors of CPS are known, this procedure could not be used to determine the control strength of CPS. Kacser & Burns (1974) have shown that there is a direct relationship between the control strengths of two adjacent enzymes (e.g. CPS and OTC) and the sensitivity (called 'elasticity' by Kacser & Burns, 1974) of the enzymes towards their common intermediate [carbamoyl phosphate (C P) in the case of CPS and OTC]. A low sensitivity corresponds to a high control strength and vice versa, sensitivity being defined as the fractional increase in enzyme rate induced by a fractional change in substrate or product concentration.
The sensitivity of CPS towards CP (cps~cp) can be calculated from the data of Table l The sensitivity of OTC towards CP (oTc~cp) was determined by using malonate to inhibit citrulline synthesis (Wanders et al., 198 1). 4 m~-Malonate decreased citrulline production from 13.2 to 5.1 nmol min-I (mg of protein)-'; concomitantly, intramitochondria1 CP decreased from 0.062 to 0.019nmol a (mg of protein)-', resulting in an elasticity coefficient of 0.88. Thus OTC is far more sensitive (67-fold) than CPS towards CP. The control strength of CPS can now be calculated from the ratio of the two elasticities multiplied by the control strength of OTC as determined via norvaline, giving a value of 0.015 x (0.88/ 0.013) = 1.02. This result shows that, in the presence of saturating concentrations of ornithine, all control is exerted by CPS. Groen (Heinrich & Rapoport, 1974) l and thus made discussion of metabolic control in exact terms possible. Moreover, the sum of all controls on a metabolic flux equals 1 (Kacser & Burns, 1973; Heinrich & Rapoport, 1974) . We experimentally established the distribution of the control on respiration among the different enzymes involved in oxidative phosphorylation (Groen el al., 1982) ; the flux control exerted by any one enzyme rarely exceeded 50% and the controls depended on the work load imposed on the mitochondria. Kacser & Burns (1973) showed that the distribution of flux controls among enzymes is largely determined by the ratio of their 'elasticities', i.e. by the degrees to which their reactions would be accelerated by increases in the concentrations of 601st MEETING, ABERDEEN common substrates. However, the control theory (Higgins, 1965; Heinrich & Rapoport, 1974 Like elasticities (Kacser & Burns, 1973) , AG coefficients are properties of the individual enzymes and not of the system. We have shown that 'connectivity' theorems (Kacser & Burns, 1973) are also valid for coefficients, which makes it possible to relate flux controls to properties of individual enzymes, e.g.:
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(0, p, at, I, pt, st refer to the respiratory chain, H+-ATPase, AT. proton leak, phosphate translocator and substrate translocator respectively; the Z's are flux controls and the E'S are coefficients). Since it is difficult to clamp AGg, the experimental determination of p &~i H is not wholly feasible. For the case when AGF relaxes after a 6A,CH, we have defined the 'overall phosphorylative' 4ci, coefficient as:
T h e 3 for well-coupled mitochondria, with low flux control by the H+-ATPase (Groen et al., 1982) :
Thus the control on respiration by the AT depends on the effects that 4CH has on respiration and phosphorylation.
This ratio of 4ci, coefficients equals the ratio of the relative changes in phosphorylation and oxidation rate upon the addition of a little protonophore. Fig. 1 shows an experiment in which we used an oxygen electrode and a pH electrode (ADP phosphorylation leads to alkalinization). The ratio of the relative changes in the two rates upon addition of protonophore was about 0.3, which gives a mechanistic explanation for a 20% control on respiration by the AT, which is in agreement with the value we determined independently (Groen et (----) is used as a measure of ATP synthesis, the rate of disappearance of oxygen (-) as a measure of oxidation rate. Where indicated, 0.20 mM-(Na)ADP and 54 pmol of S 13 (5-chloro-3-t-butyl-2'-chloro-4'-nitrosalicylanilide)/mg of protein were added to the suspension of essentially 0.43 mg of mitochondria1 protein/ml 6.7 mM-(Na)ATP and IOmMsuccinate.
